mPar3 along the shaft of the nascent axon in a punctate and potentially mediate its polarization, we first expattern ( Figure 1H ). These results suggest that mPar3 pressed in COS-7 cells the full-length mPar3 fused with is transported together with APC to the tip of the rapidly EGFP at its N terminus, EGFP-mPar3, and performed growing nascent axon. The diffuse staining of mPar3 in an immunoprecipitation assay with anti-EGFP antibody the shaft, which did not colocalize with APC puncta, by using untransfected COS-7 cells or those expressing might come from short splicing forms of mPar3. EGFP alone as control ( Figure S1 in the Supplemental Data available with this article online). Interestingly, two
pocampal neurons, we next tested whether APC is re-2G and 2H). These results suggest that APC is essential for specifying axon and generating neuronal polarity, quired for the proper targeting and polarization of mPar3. APC is a large protein with multiple protein interlikely through regulating mPar3 polarization in developing hippocampal neurons. action domains. Over 60% of all somatic mutations in APC reside within a relatively small region between codons 1286 and 1513 [4] . These mutations almost always Ectopic Expression of APC Abolishes mPar3 Polarization and Neuronal Polarity result in a C-terminal truncation that removes the binding sites for microtubules, EB1, DLG, and some of the Having found that APC is polarized in developing hippocampal neurons and that perturbation of its function with binding sites for ␤-catenin, GSK-3␤, and axin. Thus, these truncated APC proteins often act in a dominantdominant-negative truncation mutants prevents mPar3 polarization, we next tested whether abolishing the ponegative fashion [5, 6] . To examine the functional role of APC on mPar3 polarization, we examined the effect larized distribution of APC will also prevent the mPar3 polarization and result in neuronal polarity defects. To of two well-characterized, naturally occurring dominantnegative C-terminal truncation mutants of APC [4, 6] , address this, we ectopically expressed APC in developing hippocampal neurons by transfecting them with APC(1-1388) and APC(1-900), on mPar3 distribution in polarizing hippocampal neurons. In control neurons ex-APC together with EGFP, APC/EGFP. As predicted, mPar3 failed to become spatially polarized in neurons pressing EGFP alone, mPar3 showed normal polarization and was selectively enriched at the tip of the nascent ectopically expressing APC, indicating that a polarized distribution of APC is critical for mPar3 targeting and axon ( Figure 2A lated accordingly. Indeed, we found that the phosphorydifferent between the tip of the nascent axon and those of the dendrites (immunofluorescence intensity at the lated and, hence, inactive form of GSK-3␤ was more abundant at the tip of the Tau1-positive nascent axon tip in AU: axon, 81 Ϯ 9; dendrite, 72 Ϯ 8; n ϭ 17; p ϭ 0.6; Figure S4 ). Next, we tested whether this spatially than the tips of the dendrites (immunofluorescence intensity at the tip in AU: axon, 178 Ϯ 11; dendrite, 41 Ϯ regulated GSK-3␤ activity is involved in mPar3 polarization by examining mPar3 distribution in neurons treated 5; n ϭ 9; p Ͻ 0.001), whereas the total GSK-3␤ was not with either AR-A014418 or LiCl. Compared to neurons come the axon. In such polarizing neurons, we found that APC selectively accumulates at the tip of the active treated with DMSO as control, mPar3 in neurons treated growing neurite-the nascent axon but not the other with these GSK-3␤ specific inhibitors was largely disloneurites, thereby becoming spatially polarized in a mancalized, either ineffectively targeted to the tips of the ner similar to that of mPar3. In fact, APC colocalizes processes or not spatially polarized (percentage of neuwith mPar3 at the nascent axonal tip, suggesting that rons with dislocalized mPar3: DMSO, 31 Ϯ 3%, n ϭ 26; APC is involved in selectively targeting mPar3 to the tip AR-A014418, 88 Ϯ 4%, n ϭ 60, p Ͻ 0.001; LiCl (5 mM), of the actively growing nascent axon. Indeed, mPar3 87 Ϯ 4%, n ϭ 50, p Ͻ 0.001; Figure 4B ). These findings fails to polarize in developing neurons that are either suggest that a spatially regulated GSK-3␤ activity, posexpressing the dominant-negative C-terminal truncation sibly due to spatially regulated PI 3-kinase activity, is mutants of APC or ectopically expressing wild-type APC important for proper targeting of mPar3, thereby specito obliterate its polarized distribution. Consequently, fying the axon and generating neuronal polarity. these neurons were not polarized properly. Conceivably, In polarizing hippocampal neurons, mPar3 is selecthe positive feedback due to APC accumulation at the tip tively enriched at the tip of the actively growing nascent of the actively growing neurite and its ability to promote axon, but not the dendrites. This polarized distribution microtubule assembly and bundling is one key element of mPar3 is critical for axon specification and neuronal in the specification of the nascent axon. These results polarity . However, their roles in axon the spatially polarized distribution of mPar3 indicates specification and neuronal polarity are not known. Havthat it is selectively targeted to the tip of the actively ing found that APC and its polarized distribution are growing nascent axon but not the dendrites. Microtuinvolved in mPar3 polarization and neuronal polarity, we bules are uniformly oriented with their plus ends facing also examined the potential involvement of GSK-3␤ in the tips of all immature neurites, including those that mPar3 polarization. Inhibition of GSK-3␤ activity in dewill become dendrites. Only after the axon is specified veloping neurons leads to dislocalization of mPar3 and do other neurites begin to exhibit microtubules with their to defects in neuronal polarity, suggesting that GSK-3␤ minus ends pointing to the tips [16] . So how is mPar3 activity is involved in mPar3 polarization and neuronal selectively transported to the tip of the nascent axon, polarity. In fact, we found that GSK-3␤ activity is nonunigiven that microtubules in all the immature neurites are form in polarizing neurons because the phosphorylated orientated the same way? It is of interest to note here and, hence, inactive form of GSK-3␤ was more abundant that APC is in association with mPar3 and KIF3A in at the tip of the actively growing nascent axon when the embryonic rat brain and the polarizing hippocampal compared to the dendritic tip. Taken together, our reneurons in culture. APC is well known for its involvement sults suggest that a spatially regulated GSK-3␤ activity, in Wnt signaling by mediating the degradation of ␤-catenin likely due to a spatially regulated PI 3-kinase activity [ 
